Class I and IV antiarrhythmic drugs and cytosolic calcium regulate mRNA encoding the sodium channel alpha subunit in rat cardiac muscle.
Previous studies have shown that chronic in vivo treatment with the antiarrhythmic drug mexiletine produces an increase in sodium channel number. We examined whether chronic mexiletine treatment would similarly regulate the level of mRNA encoding the cardiac sodium channel. RNA isolated from cardiac tissue was probed with a 2.5-kilobase cRNA transcribed with T7 RNA polymerase from the clone Na 8.4, which encodes nucleotides 3361-5868 of the alpha subunit of the RIIA sodium channel subtype. Chronic mexiletine treatment produced a 3-fold increase in the level of mRNA encoding sodium channel alpha subunits. Previous studies of cultured skeletal muscle cells had suggested that chronic sodium channel blockade may mediate an increase in sodium channel mRNA by changes in cytosolic Ca2+ concentration. To address this issue, we assessed whether verapamil would also produce up-regulation of the level of mRNA encoding the sodium channel and whether the calcium ionophore A23187 would produce the opposite effect on mRNA level. Verapamil treatment increased sodium channel mRNA level up to 3-fold, whereas in vitro A23187 treatment decreased the mRNA level 5-fold. The combination of verapamil and mexiletine produced no further increase in the mRNA level, compared with that seen with the single agents, suggesting a convergent second messenger pathway for the actions of these two drugs. These data show that the level of mRNA encoding sodium channels is substantially increased during antiarrhythmic drug treatment and suggest that change in cytosolic Ca2+ concentration is the second messenger involved in the regulation of levels of mRNA encoding the alpha subunit of the cardiac sodium channel.